Introduction
Porcine circovirus (PCV) is a small nonenveloped virus that contains a single-stranded circular DNA of about 1.76 kb. PCV was originally isolated as a noncytopathic contaminant of the PK-15 cell line [1] and was classified as a member of Circoviridae family, genus Circovirus, based on its morphological and genomic characteristics [2, 3] .
Two phenotypically different but genetically related strains of PCV have been identified in swine. PCV-1 was first detected as a contaminant of the porcine kidney PK-15 cell line [4] whereas PCV-2 has been associated with postweaning multisystemic wasting syndrome (PMWS) [5, 6] , porcine dermatitis and nephropathy syndrome (PDNS) [7] , proliferative necrotizing pneumonia [8] , and reproductive disorders [9] , all of them included by the term porcine circovirus associated diseases (PCVAD) [10] . PMWS is an emerging disease in pigs first described in a swine herd in Canada in 1991 [5] and also endemic in many swine-producing countries. In Argentina, PMWS was first reported in 2002 [11] .
Diagnosis of PMWS is based on the presence of compatible clinical signs [12] , characteristic histopathological lesions, and detection of PCV-2 antigen within typical lesions [10, 13] .
The genomic structure of PCV-2 consists of two intergenic regions flanked by three open reading frames (ORFs): ORF-1, which encodes two replication proteins (Rep and Rep ), ORF2, which encodes the Cap protein containing the immunoreactive epitopes and is more variable at nucleotide sequence than ORF1, and ORF3, which encodes a proapoptotic protein [14] . Currently, PCV-2 genotype definition and nomenclature has been proposed according to the genome sequence of the whole genome and/or ORF2 [15, 16] . Five genotypes have been identified to date [17, 18] : PCV-2a and PCV-2b, which correspond to the main phylogenetic groups, PCV-2c, which has been described only in Denmark, and PCV-2d and 2e, which have been described in China [18] . PCV-2a has been further subdivided into five clusters (2A-2E) [15] and PCV-2b into three clusters (1A-1C). Since 2005, high mortality outbreaks of PMWS reported in North America have been associated with PCV-2b [19, 20] . In South America, only Brazil has carried out genotyping studies on PCV-2. Phylogenetic studies have shown that PCV-2 isolates belong to PCV-2b and PCV-2a [21, 22] . The objectives of this study were to compare the nucleotide and amino acid sequences of the PCV-2 ORF2 identified in lymph nodes from pigs with PCVAD from different herds of Argentina between 2003 and 2008.
Materials and Methods

Immunolabelling for PCV-2.
Immunohistochemistry was performed with a polyclonal anti-PCV-2 antibody (VMRD, Inc., WA, USA, 210-70 PCRV). Briefly, tissue sections were deparaffinized with xylene and rehydrated through graded alcohols. Slides were flooded for 15 min with 3% H 2 O 2 to remove endogenous peroxidase activity. Tissues were rinsed for 5 min in 0.1 M PBS (pH 7.5) and then incubated with preheated 0.05% protease XIV for 40 minutes. Tissue sections were rinsed in PBS and flooded with 0.5% skim milk in PBS for 20 min at room temperature. PCV-2 antibody was used at a 1/200 dilution in 0.1 M PBS, and incubated for 1 hour at 37
• C. Biotinylated G protein (1/500) was used as a secondary antibody and was incubated for 40 min at room temperature. Streptavidinperoxidase (LSAB2 System HRP K0673, DAKO Laboratories Co., CA, USA) was applied for 15 min at room temperature. Sections were finally incubated in diaminobenzidinehydrogen peroxide solution for 8 min and counterstained with Harris' haematoxylin. Positive and negative controls were used. Immunohistochemistry were graded based on the intensity of immunolabelling as follows: + = slight, ++ = moderate, and + + + = abundant. (Table 1) . Samples were homogenized with a mortar and pestle, in some cases after deparaffinization with xylene, and kept at −80
• C until processed.
DNA extraction was carried out using the QIAamp DNA mini kit (Qiagen, Valencia, USA) in accordance with the manufacturer's instructions.
Identification of PCV-2 and Amplification of the ORF2.
PCV-2 specific DNA was amplified by PCR with GoTaq (Promega) in a MyCycler thermocycler (BioRad, UK). The ORF2 from positive samples was further amplified from nucleotides 998 to 1757 (PCV-2b genome; GenBank Accession Number, AF112862), using the protocol reported by Fort et al. [23] . In this protocol, two internal primers (capARv 5 -ACCCTTTGAATACTACAGA-3 and capBFw 5 -GGGAGGAGTAGTTTACATA-3 ) were added to make the sequencing process more reliable, since it amplifies the whole ORF2 in two partially overlapping fragments. Cycling conditions were as follows: 94
• C 5 min, 35 cycles of 45 sec at 94
• C, 45 sec at 42
• C and 1 min at 72
• C, and a final extension cycle of 7 min at 72
• C.
Nucleotide Sequencing and Phylogenetic
Analyses. ORF2 amplified fragments were sequenced with the BigDye terminator kit (Applied Biosystems, Foster City, CA, USA) on an ABI 3500xL Genetic Analyzer (Applied Biosystems, Foster City, CA, USA). Sequence information was derived from overlapping sequences covered by forward and reverse primers. Sequences are available at GenBank, accession numbers EU980087 through EU980094. Then, all available isolates obtained were included in a multiple alignment using CLUSTAL X Version 1.8.3 program [24] , and the percent identities were calculated. The phylogenetic trees, calculated by the neighbor-joining method, were computed with the DNADIST and NEIGHBOR modules of the PHYLIP package [25] . Bootstrapping values (1000 replicates) were calculated with the SEQBOOT, DNADIST, NEIGHBOR, and CON-SENSE modules. Branches with bootstrapping values ≥70 were considered significant, corresponding to a confidence interval ≥95% [26] . For visualization and printing of the trees, the TREEVIEW program, Version 1.6.6 was used [27] . To root the phylogenetic tree, we used the sequence of a porcine circovirus 1 (GenBank accession number AY184287).
Results
Detection of PCV-2 by PCR.
The signs that predominated in the affected pigs were principally wasting in which the animals presented slow growth, lethargy, anorexia, cachexia, diarrhea, and dyspnea ( and sequenced ( Table 1 ). The sequence analysis showed that they contained 699 nt, and no gaps were detected.
Comparison of the sequences analyzed revealed an identity of 99.8% among them. All sequences presented the typical PCV-2 1486 motif TcAaacCCC/CGC. At the amino acid level, only two polymorphic sites were detected in the following samples: in 7109 we found K63R and in 7013, 7108, and 7198 we found T190A. Only the K63R mutation was localized in an immunogenic domain, specifically at the domain A. These sequences were aligned with cap gene sequences from PCV-2 strains available in the GenBank database from different countries. All Argentinean amino acid sequences showed high identity with the sequences grouped in genotype 2b.
Phylogenetic Analysis.
The phylogenetic tree obtained with the Argentinean and reference PCV-2 strain sequences showed two main clusters wellsupported by bootstrap analysis (Figure 1 ). All the Argentinean sequences analyzed grouped together in one cluster and were closely related to sequences from genotype PCV-2b isolates, and more specifically to cluster 1A-B. In this last case, the low bootstrap values made the differentiation of the two clusters uncertain. We propose that they should be joined in a common cluster 1A-B. This cluster grouped also isolates from Europe (Hungary, France, Austria, and the Netherlands), Asia (China), and North America (USA and Canada). In the other cluster, named 1C, only grouped sequences from Asia (China).
Discussion
Recent phylogenetic analysis of complete PCV-2 genomic sequences obtained from GenBank [15] and full-length ORF2 sequences [16] resulted in two major genogroups: 2a and 2b, which are circulating worldwide, 2c, which have been sporadically reported in the 80s [17] , and 2d and 2e, recently described in China [18] . The significance of these differences in terms of disease and/or geographic location is currently unknown. However, the severe re-emergence of PCVAD in North America in 2005 coincided with the identification of the PCV-2b genotype [19] . In addition, an epizootic of PMWS in Switzerland was found to be associated with PCV2b while PCV-2a was identified in single cases of PMWS prior to 2003 [28] . Furthermore, experimental studies in gnotobiotic pigs with or without immunostimulation using PCV-2b alone have shown only moderate lesions in various organs, thus indicating that PCV-2b-stimulated pigs became infected but did not progress to a disease state [29] . However, another study using gnotobiotic pigs and cell culture-derived PCV-2a and PCV-2b clones showed that both were able to induce severe disease in this model [30] . A study has highlighted the importance of the order of infection in which gnotobiotic pigs inoculated with PCV-2b seven days after a PCV-2a infection, but not vice versa, cause PMWS [29] . However, when SPF instead of gnotobiotic pigs was used, results were negative [31] . Unfortunately, sequence studies with PCV-2a followed with PCV-2b in conventional pigs are still lacking.
The above results are indicative of sometimes contradicting information regarding PCV-2 genotyping and its relationship with disease condition. Although it is generally believed that the causes of illness depend on unknown factors, more information related to PCV-2 genotyping could help for a better understanding of the pathogenic mechanisms of PCV-2.
In the present study, PCV-2 sequences obtained from 16 different farms belonging to the main pig-producing provinces of Argentina were analyzed to determine the [20] , and contain amino acid substitutions similar to those described by Grau-Roma et al. 2008 [16] . In Canada, PCV-2b isolates from PMWS outbreaks in 2005 share an interval identity between 99% and 100% [19] . However, other studies have identified distinctive genotypes from PCVAD samples [28, 32] and a variable identity within each genotype [22] . In Argentina, the first outbreak of PMWS was reported in 2002 [11] and thereafter clinical PCVAD emerged as emerging diseases. Our study comprised PCVAD samples taken from 2003 to 2008 and the results suggest that PCV2b is the predominant genotype in Argentina and that it could be associated with a systemic form of PCVAD, namely, PMWS. In Argentina, serological or immunohistochemical retrospective studies on PCV-2 have not been carried out and, therefore it remains unknown how and when PCV2b was introduced in the Argentinean herds. Other sources of infection such as inappropriate used of vaccines can be ruledout because only inactivated PCV-2 and PCV-2 ORF2 protein vaccines have been licensed.
In summary, the present study contributes to the knowledge on the distribution of PCV-2 genotypes circulating in Argentina. Our findings may also help to establish a base of information to study the emergence of new viral variants in this region.
